
*  *L 

AD 

GRANT NO:  DAMD17-94-J-4128 

TITLE:  The Role of the MAP Kinase Pathway in Breast Cancer 

PRINCIPAL INVESTIGATOR(S):  Melanie H. Cobb, Ph.D. 

CONTRACTING ORGANIZATION:   The University of Texas 
Southwestern Medical Center 
Dallas, Texas  75235-9016 

REPORT DATE:  October 1995 

TYPE OF REPORT:  Annual 

PREPARED FOR:     Commander 
U.S. Army Medical Research and Materiel Command 
Fort Detrick, Maryland 21702-5012 

DISTRIBUTION STATEMENT:  Approved for public release; 
distribution unlimited 

The views, opinions and/or findings contained in this report are 
those of the author(s) and should not be construed as an official 
Department of the Army position, policy or decision unless so 
designated by other documentation. 

19951124 047 ■VS® 



REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 

°ublic reporting burden, 'or this collection of information is estimated to average l hour per response, including the time for reviewing instructions, searching existing data sources, 
qathenna and maintaining the data needed, anö completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this 
collection of information, including suggestions for reducing this ourden. to Washington Headauarters Services, Directorate tor information Operations and Reports, 1215 .efferson 
Davis HIC-A3V. Suite '2C4. Arlington, VA 22202-4302. and to the Off ice o< Management and Budget, Paperwork Reduction Project (0704-0 '88), Washington, DC 20503. 

1.  AGENCY USE ONLY (Leave blank) 2. REPQRT.DATE October 1995 3" REP^ÄPJlANf9°/i^^D/H/95) 

4. TITLE AND SUBTITLE 
The Role of the MAP Kinase Pathway 
in Breast Cancer 

6. AUTHOR(S) 

Melanie H. Cobb, Ph.D. 

5.  FUNDING NUMBERS 

DAMD17-94-J-4128 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

The University of Texas 
Southwestern Medical Center 
Dallas, Texas  75235-9016 

PERFORMING ORGANIZATION 
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

U.S. Army Medical Research and Materiel Command 
Fort Detrick, Maryland 21702-5012 

10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 

11. SUPPLEMENTARY NOTES 

12a. DISTRIBUTION   AVAILABILITY STATEMENT 

Approved for public release; distribution unlimited 

12b. DISTRIBUTION CODE 

13. ABSTRACT (Maximum 200 words) 

Growth factors may play an important role in the pathogenesis of breast cancer. The MAP 
kinase pathway may be essential for transformation caused growth factors. Thus, the purpose 
of this study is to determine if MAP kinases may be overexpressed or activated in breast cancer. 
About one-third of the breast cancer cell lines tested contained changes in the amounts of MAP 
kinases, although there was not one consistent pattern of alteration from the normal expression. 
An alteration in amount of any of the enzymes may be an indication of altered regulation of the 
pathway in the affected cells. Future experiments to further address this issue will focus on 
analyzing activation state and correlating changes in amounts of MAP kinases with stage of tumor. 
Newly available antibodies allow measurement of activated MAP kinases directly in cell lysates. 
These antibodies are being evaluated for use in immunocytochemistry of normal mammary 
epithelial cells and breast cancer cell lines. If these antibodies prove useful for 
immunocytochemistry, in the future tumors will be obtained from Dr. Gazdar of this institution so 
that activation state of MAP kinases can be measured in situ. 

14. SUBJECT TERMS 

MAP kinase cascade and transformation breast cancer 
15. NUMBER OF PAGES 

10 
16. PRICE CODE 

17.   SECURITY CLASSIFICATION 
OF REPORT 

Unclassified 
18.   SECURITY CLASSIFICATION 

OF THIS PAGE 
Unclassified 

19.   SECURITY CLASSIFICATION 
OF ABSTRACT   .      , 

Unclassified 
20. LIMITATION OF ABSTRACT 

Unlimited 

NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89) 
Prescribed by ANSI Std. Z39-18 
298-102 



FOREWORD 

Opinions, interpretations, conclusions and z*5""»^;^ ™ 
those of the author and are not necessarily endorsed by the US 

Army. 

^ Where copyrighted material is quoted, permission has been 
obtained to use such material. 

¥M    Where material from documents designated for limited 
distribution is quoted, permission has been obtaxned to use the 
material. 

^V citations of commercial organizations and trade names in 
this" report do not constitute an official Department of Army 
endorsement or approval of the products or services of these 
organizations. 
VW  in conducting research using animals, the investigator(s) 
adhered to the "Guide for the Care and use of Laboratory 
AnSs,- prepared by the Committee on Care and *■• «fj****** 
Animals of the Institute of Laboratory Resources, National 
Research Council (NIH Publication No. 86-23, Revised 1985). 

For the protection of human subjects, the inyestigator(s) 
adhired to policies of applicable Federal Law 45 CFR 46. 

LW  in conducting research utilizing recombinant DNA technology, 
the^inves?igator(I) adhered to current guidelines promulgated by 
the National Institutes of Health. 

U d?rn  the conduct of research utilizing recombinant DNA, the 
investigator (s) adhered to the NIH Guidelines for Research 
Involving Recombinant DNA Molecules. 

IM7  in the conduct of research involving hazardous organisms, 
^-investigator(s) adhered to the CDC-NIH Guide for Biosafety in 
Microbiological and Biomedical Laboratories. 

Accession For 
KSIS GRA&I Ö 
DTK; TAB □' 
Unannounced D 
Justification — 

By- 
!  D<3"riby.tloa/    ■ "- 

/irniila^iiiv.? C6ÖE 

;A't-ail s'ia/Oi? 

PI - signature 
/C//C  *? 

Date 



Melanie H. Cobb, Ph.D. 

TABLE OF CONTENTS 

FRONT COVER 1 

SF 298 DOCUMENTATION PAGE 2 

FOREWORD 3 

TABLE OF CONTENTS 4 

INTRODUCTION 5 

BODY 
Methodology 

Immunodetection of enzymes of the MAP kinase pathway 6 

Measurement of MAP kinase activity 6 

Results 
Examination of the MAP kinase pathway in cells from 
nonsmall cell lung carcinomas (nSCLC) 7 

Examination of the MAP kinase pathway in cells from 
human breast tumors and normal mammary epithelium 7 

CONCLUSIONS 8 

REFERENCES 8 



Melanie H. Cobb, Ph.D. 

(5)   INTRODUCTION 

Breast cancer is the most common cancer of women (1). Although therapies 
have been developed that are effective in selected subgroups of patients, these 
therapies have not had a great impact on breast cancer mortality rates. To develop 
new and more effective therapies for breast cancer it will be important to understand 
the pathogenesis of breast cancer in more detail. Breast cancer cells express tyrosine 
kinase receptors and may be induced to proliferate by their cognate growth factors (1). 
The role of growth factors in human breast cancer is further supported by the finding 
that the erbB2 gene is amplified in 10-30% of breast cancers (2-10). The presence of 
this amplified gene correlates with a poor prognosis (2-10). Overexpression of ErbB2 
in NIH 3T3 cells induces transformation, and expression of a mutant ErbB2 in 
transgenic mice results in development of adenocarcinomas of the breast in 100% of 
females (11-13). These data strongly support the conclusion that breast carcinoma 
cells are responsive to growth factors and support the hypothesis that these factors 
may play an important role in the pathogenesis of breast cancer. 

Ras is an important signal transducer in the actions of tyrosine kinase receptors 
like those for ErbB2 and insulin (14). Activation of Ras leads to the activation of 
several downstream signaling pathways. Among these the best understood is the MAP 
kinase pathway (15). The GTP-bound form of Ras interacts with the protein kinase 
Raf, which, like Ras, is a proto-oncogene. The binding of Raf to Ras is thought to 
target Raf to the membrane where its protein kinase activity is increased. The 
enzymes activated by Raf, MAP kinase kinases or MEKs 1 and 2 (16), phosphorylate 
and activate the MAP kinases, ERK1 and ERK2. The MAP kinases ERK1 and ERK2 
are pleiotropic regulatory enzymes activated in most if not all cell types by several of 
numerous hormones and growth factors. They phosphorylate many substrates, 
including certain other protein kinases and transcription factors, and have important 
growth regulatory functions. This pathway has also been implicated in the transforming 
activity of small t antigen (17). 

Interfering with the functions of ERK1 and ERK2, using catalytically defective 
mutants of them, blocks 1) the actions of the oncogenic forms of Ras (18) and Raf in 
fibroblasts, 2) the transforming potency of small t antigen in CV-1 cells (17), and 3) cell 
proliferation induced by EGF (17). Constitutively active forms of the MAP kinases have 
not been identified either by genetic selection or by mutagenesis strategies (19). 
However, since the original proposal was submitted, it has been shown that activated 
mutants of MEK1 transform fibroblasts in culture, cause their growth in soft agar, and 
result in the formation of tumors in nude mice (20). MEK1 is one of the major targets 
of Raf, but it is probably not the only Raf target; thus, transformation induced by 
activated MEK1 is likely due to a subset of the potential actions of Raf. As the MAP 
kinases are the only known substrates of MEK1, it is believed that activated MEK1 
transforms by activating MAP kinases. These findings support the concept that 
activation of MAP kinase leads to cellular transformation. Therefore, we propose that 
this pathway may be altered in breast cancer, perhaps increasing sensitivity to growth 
factors and that the activity of this pathway may be critical for the proliferation of the 
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cells. 

Given these critical role of tyrosine kinase receptors in breast cancer and the 
recent results with activated MEK1, the original purpose of this research was to: 1) 
measure the amounts of MAP kinases and MEKs in normal breast tissue and a series 
of cells from malignant breast; 2) measure the sensitivity of MAP kinases in these cells 
to insulin, serum, and EGF; 3) determine if activated MEK1 will transform cells from 
normal breast tissue; and 4) determine if catalytically defective mutants of MAP kinases 
block proliferation of breast cancer cells. The methods, described in more detail below, 
are primarily immunoblotting and activity assays developed in our laboratories, and 
morphological transformation assays. Newly available antibodies, described below, 
have caused us to consider amending our original goals to include 
immunocytochemistry of freshly isolated tumors. If these antibodies prove useful for 
immunocytochemistry, in the future tumors will be obtained from Dr. Gazdar of this 
institution for this analysis. 

(6) BODY 

Methodology 

Immunodetection of enzymes of the MAP kinase pathway. The amounts of 
the MAP kinases present in the normal and malignant cells have been identified by 
immunoblotting with antibodies to ERK1 and ERK2 (21). We have generated 
antibodies to both isoforms that will detect both proteins cleanly in whole cell lysates 
by immunoblotting. ERK1 and ERK2 each undergo a shift in electrophoretic mobility 
when they are in the active forms. Thus, a lysate containing only inactive ERK1 and 
ERK2 will display two immunoreactive species, ERK2 at -41 kDa and ERK1 at ~43 
kDa. If the proteins are both fully active, two bands at ~42 kDa and -44 kDa will be 
present. In a lysate containing a mixture of active and inactive ERKs, all four bands 
will be present and resolved. The differences in mobility are easily detected by 
comparison to a standard (we use lysates from PC12 or Rat 1 cells stimulated with 
NGF or insulin) containing all four forms. 

Measurement of MAP kinase activity. A crude but reliable assay for 
stimulation of MAP kinase involves measurement of kinase activity in cell lysates using 
myelin basic protein (MBP) as the substrate. In the past this has been our initial 
screen, but we are now using immunoblotting to measure gel shifts as discussed above 
and using antibodies, now commercially available, that selectively recognize the active 
forms of ERK1 and ERK2. Because these antibodies do not recognize 100-fold excess 
of the inactive kinases, they can reliably detect even very small amounts of activated 
ERK1 and ERK2 in whole cell lysates and we are testing them for 
immunocytochemistry. If the methodology can be developed, immunocytochemistry will 
be performed on freshly isolated tumors to determine the activation state of the MAP 
kinases in situ. 

6 
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Results 

Examination of the MAP kinase pathway in cells from nonsmall cell lung 
carcinomas (nSCLC). In collaboration with John Minna's group ten nSCLC cell lines 
have been studied to probe the possible role of the MAP kinase pathway in this type 
of cancer. Some cell lines express mutated forms of Ras. The surprising finding was 
that several of these lines express much more of the MAP kinase ERK1 than normal 
bronchial epithelium (see H322 and H1334 in Fig. 1). To our knowledge this is the first 
finding of an elevated amount of a MAP kinase isoform in any human tumor. Previous 
efforts by us to identify altered amounts of MAP kinases in colon tumors indicated no 
change in ERK1 or ERK2 in the primary tumor or the surrounding tissue. 
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Differences in the capacity of growth factors to activate the MAP kinase pathway 
in nSCLC cells were also noted. MAP kinase activity in the normal bronchial epithelial 
cells was only modestly sensitive to serum and unresponsive to insulin. In contrast, the 
cells that express more ERK1 have acquired insulin-sensitive MAP kinase activity, 
although they remain relatively insensitive to serum stimulation. These pilot studies 
performed on nSCLC cells are extremely promising in that they provide strong evidence 
that the MAP kinase pathway may contribute to the nSCLC phenotype. Additional 
studies by Minna's group examined possible mutations in MEK1 and MEK2 in nSCLC 
cells by RFLP. A mutation in MEK1 was found in one of 31 nSCLC lines tested but 
none were tumor cell specific; none were found in MEK2, although it was highly 
polymorphic. 

Examination of the MAP kinase pathway in cells from human breast tumors 
and normal mammary epithelium. We have now examined MAP kinase amounts in 
a number of nonimmortalized lines from normal breast and breast carcinoma and lines 
from normal and malignant tissue that have been immortalized in the laboratory. Unlike 
normal bronchial epithelium, normal breast tissue has nearly equal amounts of ERK1 
and ERK2. About one-third of the breast cancer cells contained changes in the 
amounts of these MAP kinases. Again, unlike in nSCLC, there was not one consistent 
pattern of alteration from the normal expression of ERK1 and ERK2. In some lines 
there was relatively more ERK1 and in some there was relatively more ERK2. An 
alteration in amount of any of the enzymes may be an indication of altered regulation 
of the pathway in the affected cells.   However, the marked variation makes it difficult 
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to form an initial hypothesis about the role of the cascade in breast cancer. More 
experiments will need to be performed. These will focus on analyzing activation state 
and correlating changes in amounts of MAP kinases with stage of tumor. In addition, 
current efforts are focused on using the antibodies that recognize active forms of ERK1 
and ERK2 for immunocytochemistry of freshly isolated tumors. 

One possible outcome is that the kinases in the pathway are more highly 
activated by growth factors in the malignant cells or have an altered kinetic response 
to the factors, suggesting that the kinases are involved in enhanced growth factor 
sensitivity. Alternatively we may be able to detect no differences in the activities of 
these kinases in the normal and malignant cells or in situ. If this is the case, we cannot 
conclude that the pathway is not involved. The malignant cells may express more or 
alternative substrates for enzymes of the cascade that would not be measured by these 
assays. A need for activation of this cascade should be discovered by future 
experiments using dominant negative ERK mutants or activated MEK1 mutants. 

(7)      CONCLUSIONS 

About one-third of the breast cancer cells contained changes in the amounts of 
MAP kinases, although there was not one consistent pattern of alteration from the 
normal expression. An alteration in amount of any of the enzymes may be an 
indication of altered regulation of the pathway in the affected cells. However, the 
marked variation makes it difficult to form an initial hypothesis about the role of the 
cascade in breast cancer. Future experiments to further address this issue will focus 
on analyzing activation state and correlating changes in amounts of MAP kinases with 
stage of tumor. As discussed above newly available antibodies have caused us to 
consider amending our original goals to include immunocytochemistry of freshly isolated 
tumors. If these antibodies prove useful for immunocytochemistry, in the future tumors 
will be obtained from Dr. Gazdar of this institution for this analysis. 
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